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$EVWUDFW
(OHFWLPL]H LV D QHZO\GHYHORSHG HYROXWLRQDU\ DOJRULWKP ($ WKDW XWLOL]HV WKH IXQGDPHQWDOV RI HOHFWULF FRQGXFWLYLW\ WR VROYH
RSWLPL]DWLRQ SUREOHPV 6SHFLILFDOO\ (OHFWLPL]H XWLOL]HV WKH UHODWLRQVKLS EHWZHHQ WKH LQWHQVLW\ DQG UHVLVWDQFH 2KP¶V ODZ WR
HYDOXDWHWKHTXDOLW\RISRVVLEOHVROXWLRQV(OHFWLPL]HZDVPDLQO\GHYHORSHGWRRYHUFRPHVRPHRIWKHOLPLWDWLRQVRIH[LVWLQJ($V
7KHDGYDQWDJHVRI(OHFWLPL]HRYHURWKHU($VLQFOXGHLWVDELOLW\WRHYDOXDWHHDFKYDOXHLQWKHVROXWLRQVWULQJLQGHSHQGHQWO\
ZKLFKKHOSVLQLGHQWLI\LQJWKHRSWLPDOVROXWLRQLQDUHODWLYHO\VKRUWHUGXUDWLRQDQGLWVLQWHUQDOPHFKDQLVPVZKLFKDOORZIRU
H[WHQVLYH VHDUFKRI WKH VROXWLRQ VSDFH LGHQWLILFDWLRQRI DOWHUQDWH RSWLPDO VROXWLRQV DQG DYRLGDQFHRI SUHPDWXUH FRQYHUJHQFH
(OHFWLPL]HKDVEHHQDSSOLHGVXFFHVVIXOO\WRDQXPEHURIRSWLPL]DWLRQSUREOHPVLQYDULRXVHQJLQHHULQJILHOGV7KHUHVXOWVVKRZ
WKDW(OHFWLPL]HRXWSHUIRUPVVRPHRWKHU($VWKDWDUHFRPPRQO\XVHGLQVROYLQJWKHVHSUREOHPV$PDLQOLPLWDWLRQRI(OHFWLPL]H
LV WKH LQFRUSRUDWLRQRI VHYHUDOSDUDPHWHUV LQ WKHDOJRULWKPZKLFK UHTXLUHVD VROLGXQGHUVWDQGLQJRI LWVPHFKDQLVP LQRUGHU WR
HIIHFWLYHO\ XVH LW LQ RSWLPL]DWLRQ 7KLV SDSHU GLVFXVVHV WKH LQWHUQDO PHFKDQLVPV DQG IXQFWLRQV RI (OHFWLPL]H WKH HIIHFWLYH
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:LUH:Q 6HJPHQWP9DOXHO
/RFDO5HVLVWDQFHUQP
D)DEULFDWLRQRID:LUH
E'LYLGLQJWKH:LUHLQWR6HJPHQWV
F$VVLJQLQJ9DOXHVWRWKH6HJPHQWV
EDVHG WHFKQLTXHV RYHUFDPH VRPH RI WKH OLPLWDWLRQV RI WUDGLWLRQDO PDWKHPDWLFDO WHFKQLTXHV LQ WHUPV RI WLPH
HIILFLHQF\ DSSOLFDWLRQ WR D ZLGHU GRPDLQ RU SUREOHPV DQG VROYLQJ ODUJHUVFDOH SUREOHPV >@ +RZHYHU WKH
PDMRULW\ RI ($V GR QRW JXDUDQWHH UHDFKLQJ RSWLPDOLW\ 7KLV OLPLWDWLRQ LQ WKH SHUIRUPDQFH RI VRPH ($V ZDV
DGGUHVVHGE\SUHYLRXVUHVHDUFK>@
$VVXFK(OHFWLPL]HDQHZHYROXWLRQDU\DOJRULWKPZDVGHYHORSHGWRRYHUFRPHVRPHRIWKHDERYHVKRUWFRPLQJV
E\LQWURGXFLQJWKHFRQFHSWRILQGLYLGXDOHYDOXDWLRQRIHDFKYDOXHLQWKHVROXWLRQVWULQJ(OHFWLPL]HXWLOL]HV2KP¶V
HPSLULFDO ODZDQG.LUFKKRII¶VUXOHIRUWKHHYDOXDWLRQRIYDOXHVLQWKHVROXWLRQVSDFHXQOLNHRWKHU($VWKDWXWLOL]H
K\SRWKHWLFDOPDWKHPDWLFDO HTXDWLRQV WR VLPXODWHDFHUWDLQSKHQRPHQRQ7KHVHDGYDQWDJHVKDYHEHHQSURYHGYHU\
HIILFLHQWLQVROYLQJ13KDUGFRPELQDWRULDORSWLPL]DWLRQSUREOHPV>@
(OHFWLPL]HZDV ILUVW LQWURGXFHGDVDPXOWLOHYHOHYDOXDWLRQHYROXWLRQDU\DOJRULWKP LQ >@7KHDOJRULWKP
GHPRQVWUDWHGKLJKHIILFLHQF\ LQVROYLQJFRPELQDWRULDOFDVKIORZRSWLPL]DWLRQSUREOHPV >@+RZHYHUDGGLWLRQDO
SURFHVVHVZHUHODWHULQWURGXFHGLQRUGHUWRLQFUHDVHWKHFDSDELOLWLHVRI(OHFWLPL]HZKLFKVKRZHGKLJKHIILFLHQF\LQ
VROYLQJGLIIHUHQWW\SHVRI13KDUGVWDWLFDQGG\QDPLFRSWLPL]DWLRQSUREOHPV>@7RWKLVHQGLWGHHPV
HVVHQWLDOWRSUHVHQWDGHWDLOHGDSSOLFDWLRQRIWKHDOJRULWKPDQGGHPRQVWUDWHLWVFDSDELOLWLHVLQVROYLQJFRPELQDWRULDO
RSWLPL]DWLRQSUREOHPVEDVHGRQWKHQHZO\LQWURGXFHGPRGLILFDWLRQV
2YHUYLHZRI(OHFWLPL]H
(OHFWLPL]HLVDQHYROXWLRQDU\DOJRULWKPWKDWVLPXODWHVWKHSKHQRPHQRQRIWKHHOHFWULFFXUUHQWFRQGXFWLRQDQGWKH
IORZ RI HOHFWURQV LQ D GHVLJQDWHG PHGLXP 7KH PDMRULW\ RI HOHFWURQV VHOHFW WR IORZ LQ WKH ZLUH ZLWK WKH OHDVW
UHVLVWDQFHLQDFORVHGHOHFWULFFLUFXLW,Q(OHFWLPL]HHDFKFDQGLGDWHVROXWLRQLVUHSUHVHQWHGDVDZLUH:QVROXWLRQ
VWULQJ FRPSRVHG RI D QXPEHU RI VHJPHQWV 0 UHSUHVHQWLQJ WKH GHFLVLRQ YDULDEOHV RI WKH SUREOHP )RU HYHU\
GHFLVLRQYDULDEOHLQWKHREMHFWLYHIXQFWLRQWKHUHLVDVHW/RIDYDLODEOHYDOXHV^OPOPOPOP/`(DFKVHJPHQW
P LV UDQGRPO\ DVVLJQHG D YDOXH O IURP WKH VROXWLRQ VSDFH EDVHG RQ D FHUWDLQ SUREDELOLW\ 3PO 7KH YDOXH O
UHSUHVHQWVDSDUW WKDWZLOORFFXS\ LWV FRUUHVSRQGLQJ VHJPHQW DV VKRZQ LQ)LJ9DOXH OKDVDGHVLJQDWHG ORFDO
UHVLVWDQFHUQPWKDWLVEDVHGRQLWVSK\VLFDOFKDUDFWHULVWLFVPDWHULDOUHVLVWLYLW\ȡOHQJWKEPODQGFURVVVHFWLRQDO
DUHDDPO7KHVXPPDWLRQRIWKHUHVLVWDQFHVRIDOOVHJPHQWVRIDZLUHUHSUHVHQWVWKHJOREDOUHVLVWDQFHRIWKHZKROH
ZLUH5QDFFRUGLQJWR.LUFKKRII¶VUXOH
7KHDOJRULWKPVWDUWVE\D UDQGRPIDEULFDWLRQRIDSRSXODWLRQRI1ZLUHV UHSUHVHQWLQJDSRSXODWLRQRIVROXWLRQ
VWULQJVZKLFKDUHFRQQHFWHGLQSDUDOOHOWRDYLUWXDOVRXUFHRIHOHFWULFLW\WKDWKDVDYROWDJH9DVVKRZQLQ)LJ
7KHYROWDJH9LVDQDUELWUDU\QXPEHUXVHGWRGLIIHUHQWLDWHEHWZHHQWKHTXDOLWLHVRIZLUHVDQGLVGHWHUPLQHGE\WKH
DOJRULWKP DVZLOO EHGLVFXVVHG ODWHU7KHTXDOLWLHV RIZLUHV DUH WKHQ DVVHVVHGEDVHGRQ WKH HOHFWULF LQWHQVLW\ ,Q
ZKLFK LV GHWHUPLQHG E\ VXEVWLWXWLQJ WKH VHJPHQWV YDOXHV OQP RI HDFKZLUH LQ WKH REMHFWLYH IXQFWLRQ7KH JOREDO
UHVLVWDQFH5QRIHDFKZLUHLVWKHQFDOFXODWHGXVLQJ2KP¶V/DZ9 ,57KHPDLQREMHFWLYHKHUHLQLVWRLGHQWLI\
IDEULFDWH WKH EHVW FRQGXFWRU IRU PD[LPL]DWLRQ RSWLPL]DWLRQ SUREOHP DQG WKH EHVW HOHFWULF LQVXODWRU OHDVW
UHVLVWDQFHLQPLQLPL]DWLRQSUREOHPV
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7R HYDOXDWH WKH TXDOLW\ RI HDFK YDOXH LQ WKH VROXWLRQ VWULQJ LQGHSHQGHQWO\ D RQHZD\ VHQVLWLYLW\ DQDO\VLV LV
FRQGXFWHG ,Q WKLV VWHS WKHEHVWZLUH :EHVW LQ WKHSRSXODWLRQ LV VHOHFWHG WR VHUYHDVDFRPSDULVRQPHGLXP7KLV
ZLUHLVUHIHUUHGWRDVWKH³&RQWURO:LUH´7KHZLUHVZLWKWKHKLJKHVWTXDOLW\7RS:LUHVLQDJLYHQSRSXODWLRQDUH
HOHFWHGWRXQGHUJRWKHVHQVLWLYLW\DQDO\VLVVWHS)RUDQ\JLYHQZLUH:QRIWKH7RS:LUHVHDFKYDOXHLVVXEVWLWXWHG
LQLWVFRUUHVSRQGLQJVHJPHQWRIWKH&RQWURO:LUH7KHLQWHQVLW\RIWKHQHZFXUUHQWSDVVLQJWKURXJKWKH&RQWURO:LUH
LVGHWHUPLQHGWKHFKDQJHLQWKH&RQWURO:LUHJOREDOUHVLVWDQFHLVFDOFXODWHGDQGWKHORFDOUHVLVWDQFHLVWKHQXSGDWHG
LQDFFRUGDQFH7KHSUREDELOLWLHVRIVHOHFWLQJYDOXHV3PO IURPWKHVROXWLRQVSDFHDUHWKHQFDOFXODWHGEDVHGRQWKH
XSGDWHYDOXHVRIWKHLUUHVLVWDQFHV7KHFDOFXODWLRQRISUREDELOLWLHVLVWKHILQDOVWHSLQDVLQJOHLWHUDWLRQ7KHZLUHVDUH
WKHQGLVPDQWOHGDQGWKHSDUWVDUHUHXVHGWRIDEULFDWHQHZZLUHVIRUWKHQH[WLWHUDWLRQ7KHVHSURFHVVHVDUHUHSHDWHG
XS WR D FHUWDLQ QXPEHURI LWHUDWLRQV VSHFLILHGE\ WKH XVHU$OO GLIIHUHQW RSWLPL]DWLRQSDUDPHWHUV WKHLU VLPXODWLRQ
XVLQJ(OHFWLPL]HDQGQRWDWLRQVDUHVXPPDUL]HGLQ7DEOH
$ EDVLF DGYDQWDJH RI (OHFWLPL]H RYHU RWKHU ($V LV LWV DELOLW\ WR HYDOXDWH HDFK YDOXH RI WKH VROXWLRQ VWULQJ
LQGHSHQGHQWO\$QRWKHUDGYDQWDJHLVWKHLQWHUQDOSURFHVVHVLQFRUSRUDWHGLQWKHDOJRULWKPZKLFKHQDEOH(OHFWLPL]H
WRH[WHQVLYHO\VHDUFKWKHVROXWLRQVSDFHSUHYHQWSUHPDWXUHFRQYHUJHQFHWRZDUGORFDORSWLPDOVROXWLRQVDQGLQFUHDVH
WKHFRQYHUJHQFHUDWHWRZDUGWKHJOREDORSWLPDOVROXWLRQ
7DEOH7KHPDLQSDUDPHWHUVRI(OHFWLPL]H
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,QWHUQDO3URFHVVHVRI(OHFWLPL]H
(OHFWLPL]H LVHTXLSSHGZLWK DQXPEHURISURFHVVHV WKDW JUHDWO\HQKDQFH WKHSHUIRUPDQFHRI WKHDOJRULWKPDQG
SURYLGH DGGLWLRQDO DGYDQWDJHV RYHU RWKHU ($V 7KHVH LQWHUQDO SURFHVVHV DUH FODVVLILHG LQWR  5HVLVWDQFHUHODWHG
SDUDPHWHUVDQG6ROXWLRQH[SORUDWLRQSDUDPHWHUV
5HVLVWDQFHUHODWHG SDUDPHWHUV DLP WR LQFUHDVH WKH UDWH RI FRQYHUJHQFH WRZDUG WKH JOREDO RSWLPDO VROXWLRQ E\
SURYLGLQJ(OHFWLPL]HZLWKVRPHNQRZQLQIRUPDWLRQDERXWWKHSUREOHP7KLVLVDFKLHYHGE\GHFRPSRVLQJWKHORFDO
UHVLVWDQFHUQPRIHDFKYDOXHOLQWKHVROXWLRQVSDFHLQWRLWVEDVLFFRPSRQHQWSDUDPHWHUVZKLFKDUHWKHUHVLVWLYLW\
ȡWKHFURVVVHFWLRQDODUHDDDQGWKHOHQJWKELQDFFRUGDQFHWR(T
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ZKHUHUPOUHVLVWDQFHRIYDOXHODYDLODEOHIRUVHJPHQWPȡPPDWHULDOUHVLVWLYLW\RIWKHSDUWRFFXS\LQJVHJPHQW
PEPOOHQJWKRIYDOXHODQGDPOFURVVVHFWLRQDODUHDRIYDOXHO)RUH[DPSOHLQDPD[LPL]DWLRQRSWLPL]DWLRQ
SUREOHPDQLQLWLDOSUHIHUHQFHZLOOEHJLYHQWRVHOHFWLQJYDOXHVWKDWZLOOLQFUHDVHWKHYDOXHRIWKHREMHFWLYHIXQFWLRQ
,QVXFKFDVHWKHDUHDFDQEHFDOFXODWHGDFFRUGLQJWR(T
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:KHUH8DYDOXHUHSUHVHQWLQJDSLHFHRILQIRUPDWLRQWKDWUHIOHFWVWKHXVHUNQRZOHGJHRUFHUWDLQSUHIHUHQFH,QWKLV
FDVHWKHTXDOLW\RIYDOXHVOPZLOOEHEDVHGRQWKHLUOHQJWKVEPOUDWKHUWKDQWKHUHVLVWDQFHUQP%\LQYHVWLJDWLQJ
(TLWFDQEHGHGXFHGWKDWWKHUHLVDGLUHFWO\SURSRUWLRQDOUHODWLRQVKLSEHWZHHQWKHYDOXHUHVLVWDQFHUQPDQGLWV
OHQJWKEPO7KHPHWDKHXULVWLFVRI(OHFWLPL]HVWDWHWKDWDOOYDOXHVEHORQJLQJWRWKHVDPHVHJPHQWDUHPDGHRIWKH
VDPHPDWHULDO7KHUHIRUHWKH\KDYHWKHVDPHUHVLVWLYLW\ȡ)RUVLPSOLFLW\WKHUHVLVWLYLW\LVJLYHQDYDOXHRI³´,Q
WKLV FDVH WKH RQO\ XQNQRZQ LQ WKH HTXDWLRQ LV WKH OHQJWK RI YDOXH ZKLFK FDQ EH FDOFXODWHG E\ PXOWLSO\LQJ LWV
UHVLVWDQFHVE\WKHDUHDIDFWRU
,WVKRXOGEHQRWHGWKDWWKHGHFRPSRVLWLRQRIWKHORFDOUHVLVWDQFHUQPLVRSWLRQDODQGVXEMHFWWRWKHDYDLODELOLW\RI
LQIRUPDWLRQDERXWWKHSUREOHP,IQRLQIRUPDWLRQLVDYDLODEOHEHIRUHKDQGLQWKLVFDVHWKHTXDOLW\RIYDOXHVZLOOEH
VROHO\EDVHGRQWKHLUUHVLVWDQFHVUQP
$QRWKHU LQWHUQDO SURFHVV WKDW SOD\V D VLJQLILFDQW UROH LQ LQFUHDVLQJ WKH HIILFLHQF\ DQG WKH SHUIRUPDQFH RI
(OHFWLPL]H LV WKH VHOHFWLRQ RI WKH &RQWURO:LUH 7KH &RQWURO:LUH LV XVHG DV D FRPSDULVRQ PHGLXP GXULQJ WKH
VHQVLWLYLW\ DQDO\VLV VWHS  7KH &RQWURO:LUH LV VHOHFWHG DV WKH EHVW ZLUH LQ D VLQJOH LWHUDWLRQ IRU  RI WKH
LWHUDWLRQV 7RZDUGV WKH HQG RI WKH VLPXODWLRQ WKH &RQWURO ZLUH LV VHOHFWHG DV WKH EHVW ZLUH LGHQWLILHG LQ DOO WKH
LWHUDWLRQV 7KH ILUVW PHWKRG RI VHOHFWLQJ WKH &RQWURO:LUH DOORZV IRU WKH H[WHQVLYH VHDUFK RI WKH VROXWLRQ VSDFH
LGHQWLILFDWLRQRIDOWHUQDWLYHRSWLPDO VROXWLRQV DQGDYRLGDQFHRI JHWWLQJ WUDSSHG LQD ORFDORSWLPXP2Q WKHRWKHU
KDQGWKHVHFRQGPHWKRGRIVHOHFWLRQDFFHOHUDWHVWKHFRQYHUJHQFHWRZDUGVWKHJOREDORSWLPDOVROXWLRQ$GGLWLRQDOO\
GXULQJ WKH VHQVLWLYLW\DQDO\VLV VWHS HYHU\ WLPHDZLUHFUHDWHGZLWKDEHWWHUTXDOLW\ WKDQ WKHFXUUHQW&RQWURO:LUH
UHSODFHVLW7KLVLQWXUQUHSUHVHQWVDQLQWHUQDOHYROXWLRQ7KHQRWLRQRILQWHUQDOHYROXWLRQZDVSURYHGLQVROYLQJWKH
FRQVWUXFWLRQWLPHFRVWWUDGHRIISUREOHPZKHQ(OHFWLPL]HZDVDEOHWRLGHQWLI\WKHRSWLPDOVROXWLRQRIDEHQFKPDUN
SUREOHPLQWKHYHU\ILUVWLWHUDWLRQ>@
$WKLUGLQWHUQDOSURFHVVWKDWSUHYHQWVWKHSUHPDWXUHFRQYHUJHQFHDQGDOVRDOORZVIRUWKHH[WHQVLYHVHDUFKRIWKH
VROXWLRQVSDFHWKURXJKWKHFRQVLGHUDWLRQRIDOOYDOXHVLVWKHFRQFHSWRIWKH+HDW)DFWRU,QSK\VLFVWKHUHLVDGLUHFWO\
SURSRUWLRQDOUHODWLRQVKLSEHWZHHQWKHWHPSHUDWXUHDQGWKHUHVLVWDQFHRIPHWDOVVXFKWKDWLQFUHDVLQJWKHWHPSHUDWXUH
ZLOO LQFUHDVH WKH UHVLVWDQFH$V VXFK WKH IORZRIFXUUHQW LQ WKH IDEULFDWHGZLUHV :QZLOOJHQHUDWH KHDW WKDWZLOO
UDLVHWKHWHPSHUDWXUHDQGLQWXUQLQFUHDVHWKHUHVLVWDQFH7RDFFRXQWIRUWKHSVHXGRUHVLVWDQFHJHQHUDWHGGXHWRWKH
KHDWLQJRIZLUHVDOOZLUHVJOREDOUHVLVWDQFHV5QLVPXOWLSOLHGE\D+HDW)DFWRUWKDWKDVDYDOXHOHVVWKDQRQH)RU
H[DPSOH LQ PLQLPL]DWLRQ RSWLPL]DWLRQ SUREOHPV WKH KHDW IDFWRU FDQ EH FDOFXODWHG DV ,EHVW,Q ZKHUH ,EHVW LV WKH
LQWHQVLW\RI WKH HOHFWULF FXUUHQW SDVVLQJ WKURXJK WKHZLUHZLWK WKH KLJKHVW UHVLVWDQFH 5Q $GGLWLRQDOO\ WKHRYHU
VHOHFWLRQRIDFHUWDLQYDOXHSDUWOPIURPWKHVROXWLRQVSDFHZLOOUHVXOWVDOVRLQRYHUKHDWLQJWKHSDUWV7KHUHIRUHWKH
UHVLVWDQFHRIDQ\YDOXHLVUHGXFHGE\D+HDWIDFWRU+)LIWKHYDOXHLVVHOHFWHGDVSHFLILHGQXPEHURIWLPHV7KH
QXPEHU RI VHOHFWLRQV GHSHQGV RQ WKH VL]H RI WKH SUREOHP QXPEHU RI LWHUDWLRQV DQG WKH SRSXODWLRQ VL]H DQG LV
GHWHUPLQHGE\WULDODQGWXQLQJ
6WHSVRIWKH$OJRULWKP
,Q RUGHU WR GHPRQVWUDWH WKH DSSOLFDWLRQ RI WKH DOJRULWKP WR D FRPELQDWRULDO RSWLPL]DWLRQ SUREOHP D VLPSOH
PLQLPL]DWLRQSUREOHPLVFRQVLGHUHGVHH(T$OWKRXJKWKHSUREOHPDSSHDUVWREHVLPSOHWKHVHWRIFRQVWUDLQWV
GHILQLQJLWVERXQGDULHVUHTXLUHVDODUJHQXPEHURILWHUDWLRQVWRVROYHLWXVLQJPDWKHPDWLFDOWHFKQLTXHV
7KH RSWLPDO VROXWLRQ IRU WKLV SUREOHP ZDV GHWHUPLQHG XVLQJ0V([FHO 6ROYHU (OHFWLPL]HZDV DEOH WR
GHWHUPLQHWKHRSWLPDOVROXWLRQRIWKHSUREOHPD E F G H LQWKUHHLWHUDWLRQVXVLQJZLUHV
DQGWKHWRSZLUHVLQWKHVHQVLWLYLW\DQDO\VLVVWHSDVZLOOEHGLVFXVVHGLQWKHIROORZLQJVWHSV7KH&RQWURO:LUHZDV
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VHOHFWHGDVWKHEHVWZLUHDPRQJWKHSRSXODWLRQFUHDWHGLQDVLQJOHLWHUDWLRQIRUWKHILUVWWZRLWHUDWLRQVDQGWKHEHVW
ZLUHLGHQWLILHGDPRQJDOOSRSXODWLRQVFUHDWHGLQDOOLWHUDWLRQVIRUWKHODVWLWHUDWLRQ7KHKHDWIDFWRUZDVVHWWRDQG
WKH YDOXH UHVLVWDQFHOHQJWK LV UHGXFHG LQ DFFRUGDQFH LI D YDOXH LV VHOHFWHG PRUH WKDQ ILYH WLPHV (OHFWLPL]H LV
FRPSULVHGRIQLQHPDLQVWHSV
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)DEULFDWLRQ RI ZLUHV $ QXPEHU 1    RI ZLUHV DUH IDEULFDWHG (DFK ZLUH LV FRPSRVHG RI D QXPEHU RI
VHJPHQWV0 WKDWFRUUHVSRQGWRWKHSUREOHPGHFLVLRQYDULDEOHDVVKRZQLQ7DEOH)RUHDFKYDULDEOHWKHUH
LVDVHWRIDYDLODEOHYDOXHVOPODYDLODEOHLQWKHVROXWLRQVSDFH(DFKVHJPHQWPLVDVVLJQHGUDQGRPO\DYDOXH
OPO IURP WKH VROXWLRQ VSDFH7KHVHWVRIYDULDEOHV YDOXHV IRU WKHJLYHQSUREOHPDUH VKRZQ LQ7DEOH ,Q WKLV
SUREOHPWKHYDOXHUHVLVWDQFHVUQPFDQEHGHFRPSRVHGWRLWVEDVLFSDUDPHWHUVUHVLVWLYLW\ȡ OHQJWKEPO
FURVVVHFWLRQDO DUHD DPO WR DFFRPPRGDWH IXUWKHU LQIRUPDWLRQ DYDLODEOH DERXW WKH SUREOHP ,W LV NQRZQ
EHIRUHKDQGWKDWLQRUGHUWRDFKLHYHWKHSRVVLEOHPLQLPXPYDOXHRIWKHREMHFWLYHIXQFWLRQWKHGHFLVLRQYDULDEOHV
ZLWK SRVLWLYH FRHIILFLHQW VKRXOG EH DVVLJQHG WKH OHDVW IHDVLEOH YDOXHVZKLOH YDULDEOHVZLWK QHJDWLYH FRHIILFLHQW
VKRXOGEHPD[LPL]HG$VVXFKWKHFURVVVHFWLRQDODUHDVDPORIWKHYDOXHVRISRVLWLYHYDULDEOHVZHUHFDOFXODWHG
DVȈOPOOPOWKLVJLYHVSUHIHUHQFHWRVHOHFWLQJWKHOHDVWYDOXHV2QWKHRWKHUKDQGWKHFURVVVHFWLRQDODUHDVRIWKH
YDOXHVRIWKHQHJDWLYHYDULDEOHVZHUHFDOFXODWHGDVȈOPOOPOZKLFKGLUHFWVWKHVHDUFKWRZDUGWKHODUJHVWYDOXHV
DVVKRZQLQ7DEOH
7DEOH5HVLVWDQFHVDQGUDQNVRIDSRSXODWLRQRIZLUHV















,W VKRXOG EH QRWHG WKDW ZKHQ FDOFXODWLQJ WKH DUHD RI YDOXH  IRU GHFLVLRQ YDULDEOH G D YDOXH RI  ZDV
GLYLGHGE\WKHWRWDOLQVWHDGRIVRWKDWLWZLOOQRWEHH[FOXGHGIURPWKHVHDUFKVSDFH6LPLODUO\WRFDOFXODWHWKH
DUHDIRUYDOXHIRUGHFLVLRQYDULDEOHHWKHWRWDOZDVGLYLGHGE\WRDYRLGGLYLVLRQE\]HUR
&RQVWUXFWLRQRIWKHHOHFWULFFLUFXLW7KHIDEULFDWHGZLUHVDUHFRQQHFWHGLQSDUDOOHOWRDVRXUFHRIHOHFWULFLW\WKDW
KDVDYROWDJH9WRIRUPDQHOHFWULFFLUFXLWVHH)LJ(OHFWLPL]HGHWHUPLQHVDVXLWDEOHYROWDJH9 E\
IDEULFDWLQJDWHPSRUDU\ZLUHYROWDJHZLUHWKDWKDVLQWHQVLW\,YZ7KHYROWDJHLVFDOFXODWHGDVWKHLQWHQVLW\,YZ
UDLVHGWRWKHSRZHURI*,QWKLVSUREOHP*KDVDYDOXHRIDVVKRZQLQ)LJ7KHYROWDJHZLUHLVDOVRXVHG
WRGHWHUPLQHDVXLWDEOHLQLWLDOUHVLVWDQFHUIRUDOOYDOXHVLQWKHVROXWLRQVSDFH
'HWHUPLQLQJWKHHOHFWULFFXUUHQWLQWHQVLW\,Q7KHHOHFWULFFXUUHQWLQWHQVLW\,QSDVVLQJWKURXJKHDFKZLUH:Q
LV WKH YDOXH RI WKH REMHFWLYH IXQFWLRQ REWDLQHG E\ VXEVWLWXWLQJ WKH ZLUH VHJPHQWV YDOXHV OPO LQ WKHLU
FRUUHVSRQGLQJYDULDEOHVDVJLYHQLQ7DEOH
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,YZ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2KP¶V/DZ5Q 9,Q,WVKRXOGEHQRWHGWKDWDFRQVWDQWYDOXH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 7KH TXDOLW\ RI HDFKZLUH :Q LV LQGLFDWHG E\ LWV JOREDO UHVLVWDQFH 5Q ,Q D
PLQLPL]DWLRQSUREOHPWKHWRSZLUHVDUHWKHRQHVZLWKWKHODUJHVWJOREDOUHVLVWDQFHVDVVKRZQLQ7DEOH%DVHG
RQWKHJOREDOUHVLVWDQFHWKHEHVWZLUHLQHDFKLWHUDWLRQDQGWKHEHVWZLUHLQDOOLWHUDWLRQVDUHLGHQWLILHG
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

)LJ$WHPSRUDU\ZLUHXVHGWRFDOFXODWHWKHYROWRIWKHHOHFWULFVRXUFHLQWKHFLUFXLW

(YDOXDWLQJWKHTXDOLW\RIZLUHVHJPHQWV,QJHQHUDOWKHTXDOLW\RIHDFKYDOXHOPORFFXS\LQJDVHJPHQWPRI
ZLUH :Q LV EDVHG RQ LWV LQGLYLGXDO ORFDO UHVLVWDQFH UPO +RZHYHU LQ WKH JLYHQ SUREOHP VRPH DGGLWLRQDO
LQIRUPDWLRQGHILQHGWKHYDOXHVFURVVVHFWLRQDODUHDDPODVGLVFXVVHGLQWKHILUVWVWHS,QWKLVFDVHWKHTXDOLW\RI
HDFK YDOXH OPO LV UDWKHU DVVHVVHG EDVHG RQ LWV OHQJWK EPO ZKLFK FDQ EH GHWHUPLQHG XVLQJ WKH YDOXH ORFDO
UHVLVWDQFHUPODQGLWVFURVVVHFWLRQDODUHDDPODFFRUGLQJWR(T7RFDOFXODWHWKHYDOXHORFDOUHVLVWDQFHUPO
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